the sequence ... pCpC... pGpApTpG9', consistent with the presence of an inverted terminal repetition in adenovirus DNA.
The human adenoviruses type 2 (Ad2) and type 5 (Ad5) contain linear duplex DNA molecules with a molecular weight of about 24 x 106 (6, 13) , which are homologous to a large extent (3) . Denaturation of native adenovirus DNA followed by renaturation at low concentrations leads to the formation of single-stranded circles, indicating that adenovirus DNA contains termini with an inverted repetition, i.e., identical nucleotide sequences at both molecular ends of the type 3'ABCD ... .D'C'B'A'5' 5 A'B'C'D'. . D C B A3 (4, 14) . The actual nature of the termini and the function of this terminal repetition are still unknown.
The structure of the termini of adenovirus DNA is of particular interest from the point of view of DNA replication and transcription. Studies on the initiation of replication of Ad5 DNA have shown that the origin is located at the A-T rich molecular end, suggesting that a unique nucleotide sequence is situated at this side of the molecule (12) . To obtain more information on the structure of the molecular ends of adenovirus DNA, we have analyzed the terminal nucleotide sequences. In this communication we report the determination of short nucleotide sequences at the 3'-termini of native Ad2 and Ad5 DNA using the method developed by Englund (1, 2) . This method is based on the fact that T4 DNA polymerase contains a polymerizing as well as a 3-5' exonucleolytic activity (5 (7, 15) . After drying, the four nucleotide spots were visualized by UV light and cut from the chromatogram, followed by counting in a liquid scintillation counter.
Isolation of terminal fragments of adenovirus DNA. After stopping the T4 DNA polymerase reaction by addition of EDTA, the mixture was deproteinized by addition of 1.8 ml of 0.16 M KCl and 2.0 ml of chloroform-isoamylalcohol (24:1), followed by shaking for 1 min. The aqueous layer was transferred to a centrifuge tube, two times its volume of ice-cold ethanol was added, and the mixture was allowed to stand at -70 C for 30 min. After centrifugation at -5 C for 30 min at 35,000 rpm, the supernatant was discarded. The precipitated DNA was redissolved in 90 mM Tris-hydrochloride, pH 7.9, 10 mM MgCl,, and endonuclease R-EcoRI was added in a quantity that digested the DNA completely in 45 min at 37 C. After digestion the viral DNA fragments were deproteinized as described above. Gel electrophoresis of the deproteinized DNA fragments was performed in 0.7% agarose containing ethidium bromide as described by Pettersson et al. (10) . The positions of the fragments in the gels were visualized by UV light. The distribution of the radioactivity was determined after slicing of the gel. The slices were liquified by heating, dissolved in counting solution, and counted in a liquid scintillation counter.
RESULTS
The effect of unlabeled dNTP's on the incorporation of various labeled nucleotides in adenovirus DNA. Figure 1 shows each terminus separately. For this purpose, the DNA incubated was isolated and subsequently cut by endonuclease R EcoRI (Fig. 2) . This restriction enzyme cuts Ad5 DNA into three fragments which were separated by gel electrophoresis (9) . Fragments A and B, representing the molecular left and right ends, respectively, were cut from the gel, after which the amount of radioactivity incorporated into each end was measured. In no case did the radioactivity found in the A and B fragment differ signifi iting effect on the incorporation at both molecular ends. This is completely in agreement with the results shown in Fig. 2 and verifies that for Ad5 DNA the relative positions of the four dNMP's are the same at the right and left 3'-terminus. Nearest neighbor analysis. Further information on the nucleotide sequences at the 3'-termini was obtained from nearest neighbor analysis. Ad2 as well as Ad5 DNA were incubated with T4 DNA polymerase and each of the four a-[-2P]dNTP's, respectively, after which the viral DNA was precipitated with 10% trichloroacetic acid. After repeated washings the DNA was digested completely to 3'-mononucleotides with micrococcal nuclease and spleen phosphodiesterase. The mixture of mononucleotides was separated by paper chromatography, after which the radioactivity in each nucleotide [ a -P JdCTP was determined. Figure 3 shows the results of the nearest neighbor analysis of Ad2 and Ad5 DNA. In all cases the transfer of 32p to one of the four 3'-mononucleotides was 60 to 80%, whereas the remaining 20 to 40% of the radioactivity was found divided over the other three nucleotides. This indicates that the same dinucleotide sequences are present at both molecular ends. The results in Fig. 3 (14) .
The identical sequences at the 3'-ends of Ad2 and Ad5 DNA indicate a high degree of similarity between both DNA's. This is in agreement with earlier observations (3). The identical sequences at the 3'-ends of adenovirus DNA confirm the model of an inverted terminal redundancy proposed by Wolfson and Dressler (14) and Garon et al. (4) .
Our data do not reveal a structural basis for the fact that the replication of Ad5 DNA always starts from the molecular right end of the molecule (12) . Since the inverted repetition extends to the very end of the molecule, it seems unlikely that the origin of replication is located at the ultimate end of the righthand terminus. However, a location of the origin more internally has not been excluded and further studies on the structure of the molecular ends are in progress.
